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ABSTRACT 
The current work is done to see which artery has more chance 
of having cardiovascular diseases by measuring value of 
pressure gradient in the common carotid artery (CCA) and 
ascending aorta according to age and gender. Pressure 
gradient is determined in the CCA and ascending aorta of 
presumed healthy volunteers, having age between 10 and 60 
years. A real 2D model of both aorta and common carotid 
artery is constructed for different age groups using 
computational fluid dynamics (CFD). Pressure gradient of 
both the arteries are calculated and compared for different age 
groups and gender. It is found that with increase in diameter 
of common carotid artery and ascending aorta with advancing 
age pressure gradient decreases. The value of pressure 
gradient of aorta is found less than common carotid artery in 
both cases of age and gender. 
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Ageing, Blood flow, Common Carotid artery, aorta, Pressure 
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1. INTRODUCTION 
A lot of human death is caused due to cardiovascular diseases 
which are related to the heart or blood vessels (arteries and 
veins). The reason behind increase in risk of cardiovascular 
diseases is pressure gradient. In order for blood to flow 
through a vessel or across a heart valve there must be a force 
driving the blood. This force is the difference in blood 
pressure (i.e., pressure gradient) across the vessel length or 
across the value which is given by Eq. 1 
𝐹 =  ∆𝑃/𝑅 ……… (1) 
Where F is the force driving the blood, ∆𝑃 is pressure gradient 
and R is resistant to flow of blood. So pressure gradient is 
directly proportional to force driving the blood. A normal 
valve especially normal large artery has small resistance to 
flow and therefore the pressure gradient across the valve is 
very small. But in case of vascular artery pressure gradient is 
more due to increased resistance to flow. 
The early research was conducted using high resolution 
multigate pulsed Doppler system on the men carotid artery 
which shows changes in wall property of carotid artery 
according to age [11] and as age increases diameter and 
stiffening of the vessel wall also increases [8,11]. In further 
investigations the level of blood pressure was calculated in the 
common carotid artery (CCA) as function of age and gender 
along with interactions between diameter and storage capacity 
using high resolution ultrasound system [13]. Piezoelectric 
sensor was also used to see age associated developments in 
CCA [6, 7, 10]. The pulsed Doppler system, high resolution 
ultrasound systems or piezoelectric sensor systems were 
limited due to their heavy investments in equipment. 
In recent years, due to its fast and economical feature, 
computational fluid dynamics (CFD) has become popular 
research tool for modelling flow behaviour within arteries. 
Investigators perform fluid and structural responses to 
pulsatile Non-Newtonian blood flow through stenosed artery 
using ANSYS. They assume blood behaviour as per Carreau 
Non-Newtonian model to estimate wall shear stress [14]. 
Pressure gradient is also assessed in aorta. In the early 
research Magnetic resonance imaging (MRI) method were 
used to collect subject specific geometry and flow rates in a 
human aorta [5]. Further investigation show geometric 
changes of the aortic arch according to age [1]. 
Since CFD is more economical and fast method recently it is 
used to measure wall shear stress (WSS) of healthy human 
aorta and age-related changes in aortic 3D velocity [9].  
The objective of the present investigation is to study the age 
associated developments in pressure gradient in common 
carotid artery and ascending aorta of normal humans having 
age between 10 and 60 years and then comparing the pressure 
gradient of both arteries to see which artery has more chance 
of having cardiovascular diseases. Here CCA is compared 
with aorta because at aortic arch aorta bifurcates into three 
arteries i.e.; brachiocephalic artery, carotid artery and left 
subclavian artery. The oxygenated fresh blood from the heart 
via left ventricle enters the ascending aorta and then it is 
directed toward the aortic arch and comes out through 
descending aorta. From aortic arch blood is directed to CCA 
which direct blood to face, brain. Therefore classification of 
pressure gradient in aorta is also done on the basis of age and 
gender. 
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2. METHOD 
Most commonly used analysis tool nowadays is 
Computational Fluid Dynamics (CFD). This tool is used to 
model behaviour of flow within arteries. This tool is fast and 
economical method to analyse and fix problem as it used 
computers to perform simulation instead of heavy and costly 
equipment. In this simulation is done using some boundary 
conditions.  
For different age group and gender as shown in table 1, 2 and 
3 a real 2D model of both aorta and common carotid artery is 
constructed [9, 13] using CFD as shown in Fig. 1 and 2. The 
practical block diagram for simulation is shown in Fig. 3. 
 
Fig. 1: Geometry of common carotid artery 
 
Fig. 2: Geometry of aorta 
Table 1: Diameter of Common carotid artery with age for 
female group 
SNo. Age Group (Years) Diameter (mm) 
1 (10-20) Years 5.9 
2 (30-40) Years 6.2 
3 (50-60) Years 6.3 
Table 2: Diameter of Common carotid artery with age for 
male group 
SNo. Age Group (Years) Diameter (mm) 
1 (10-20) Years 6.0 
2 (30-40) Years 6.5 
3 (50-60) Years 6.4 
Table 3: Diameter of Ascending Aorta with age 
SNo. Age Group (Years) Diameter (mm) 
1. (20-30) Years 28 
2. (30-40) Years 31 
3. (40-50) Years 33 
4. (50-60) Years 35 
5. (60-70)Years 37 
 
 
 
Fig. 3: Practical block diagram 
Pressure gradient is calculated in left1 wall artery, middle1 
wall artery and middle2 wall artery of CCA and ascending 
aorta of aorta. Here pressure gradient of CCA is compare with 
ascending aorta because in aorta aortic arch divide into three 
arteries i.e.; brachiocephalic artery, carotid artery and left 
subclavian artery. The oxygenated fresh blood from the heart 
via left ventricle enters the ascending aorta and then it is 
directed toward the aortic arch and comes out through 
descending aorta. From aortic arch blood is directed to CCA 
which direct blood to face, brain. Also the value pressure 
gradient of both the arteries will show which artery is more 
prone to arterial diseases.  
Creating geometry of Common 
carotid artery and aorta
Mesh generation and solution setup
Classification of pressure gradient 
for different age groups
Comparison of pressure gradient in 
both arteries for different age 
groups
International Journal of Computer Applications (0975 – 8887) 
Volume 145 – No.1, July 2016 
17 
In the current study, carreau model [4, 14] is used to model 
blood viscosity (μ) with strain rate, γ and is given by Eq. 2 
shown below:  
𝜇 = 𝜇∞ +  𝜇𝜊 − 𝜇∞  1 +  𝜆𝛾 
2 (𝑛−1)/2 ………… (2) 
Here time constant (λ) is 3.313 s, n is 0.3568, zero strain 
viscosity (i.e. resting viscosity), ( 𝜇0 ) is 0.56 P and infinite 
strain viscosity (μ∞) is 0.0345 P. It‟s is given in Poise, P 
(where 1 P = 0.1 Ns/𝑚2 ). The blood density is considered as 
constant value: 1060 kg/m^3 and blood flow is pulsatile and 
cyclic. Also since blood is non-Newtonian fluid therefore the 
coefficient of viscosity of blood is function of velocity 
gradient. 
3. RESULTS 
The Pressure gradient of CCA according to different age 
group on left1, middle1 and middle2 wall artery for female 
group is shown in Fig. 4, 5 and 6. 
 
Fig. 4: Pressure gradient on left1 wall  artery of CCA of 
female group 
 
Fig. 5: Pressure gradient on middle1 wallartery of CCA of 
female group 
 
 
Fig. 6: Pressure gradient on middle2 wall artery of CCA of 
female group 
Similarly the Pressure gradient of CCA according to different 
age group on left1, middle1 and middle2 wall artery for male 
group is shown in Fig. 7, 8 and 9. 
 
Fig. 7: Pressure gradient on left1 wall artery of CCA of 
male group  
Fig. 8: Pressure gradient on middle2 wall artery of CCA of 
male group 
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Fig. 9: Pressure gradient on middle2 wall artery of CCA of 
male group 
It is found that with increase in diameter of CCA with 
advancing age pressure gradient decreases. This is due to 
decrease in driving force of flow due to increase in diameter 
of artery. 
3.1 Pressure Gradient in CCA on the Basis 
of Gender 
Pressure gradient of left1, middle1 and middle2 wall artery of 
CCA is classified on the basis of gender and is shown in Fig. 
10, 11 and 12. 
 
Fig. 10: Comparison of pressure gradient of Carotid 
artery on left1 wall artery the basis of gender 
 
Fig. 11: Comparison of pressure gradient of Carotid 
artery on middle1 wall artery the basis of gender 
 
Fig. 12: Comparison of pressure gradient of Carotid 
artery on middle2 wall artery the basis of gender 
It has been found that there is significant difference between 
pressure gradient of both male and female group. This 
difference is because of different body size, weight and height 
of both the gender. 
3.2 Pressure Gradient in Aorta on the Basis 
of Age 
The pressure gradient of ascending aorta according to 
different age group on ascending aorta is shown in Fig. 13. 
It is found that with increase in diameter of ascending aorta 
with advancing age pressure gradient decreases. This is due to 
decrease in driving force of flow due to increase in diameter 
of artery. 
 
Fig. 13: Pressure gradient of ascending aorta on the basis 
of age 
3.3 Comparison of Pressure Gradient in 
Both Arteries on the Basis of Age 
Now the pressure gradient of both arteries for different age 
group is compared as shown in Fig. 14. 
 
Fig.14: Comparison of pressure gradient of both the 
arteries on the basis of age 
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3.4 Comparison of Pressure Gradient in 
Both Arteries on the Basis of Gender 
Also the pressure gradient of both arteries on the basis of 
gender is compared as shown in Fig. 15. 
The graphs of comparison of pressure gradient in both the 
arteries on the basis of age and gender show that common 
carotid artery has greater value of pressure gradient than aorta 
in both the cases of age and gender.  
 
Fig.15: Comparison of pressure gradient of both the 
arteries on the basis of gender 
4. CONCLUSION 
The current study implies that the pressure gradient decline 
with advancing age in both cases. The decline in pressure 
gradient is due to decline in driving force of blood flow. But 
when pressure gradient of common carotid artery is compared 
with ascending aorta than its value is more in common carotid 
artery than aorta. So as the value of pressure gradient of 
ascending aorta is less as compared to common carotid artery 
therefore it has more risk of formation of plaque and hence 
more chance of having cardiovascular diseases as compared to 
common carotid artery. This study presents fast and 
economical method for modelling flow behaviour within 
arteries. Furthermore pressure gradient can be calculated in 
left subclavian artery as it supply blood to left arm and pain in 
left arm is one of the symptom of heart attack. 
 
5. REFERENCES 
[1] Ballermann J. B., Dardik A., Eng E, Liu A,1998,‟Shear 
stress  and the endothelium,‟ Kidney International,Vol. 
54, Suppl. 67, pp. S-100 –S-108. 
[2] Brar P., Vashisth S.,2015,‟ Piezoelectric sensor to non-
invasively detect age associated changes in humancarotid 
pulse‟,Int. J. Biomedical Engineering and Technology, 
Vol. 19, No. 1,pp.40- 52. 
[3] Chan W. Y, Ding Y.,Tu J.Y. ,2007, “Modelling of non –
newtonian blood flow through a stenosed artery 
Incorporating a fluid structure interaction,”Anziam J, 
Vol.47,pp.-C507-C523. 
[4] Duncan D.D., Bargeron C.B., Borchardt S.E.,1990, ‟The 
effect of compliance on wall shear in casts of a human 
aortic  bifurcation,‟J Biomech Eng,Vol.112, pp. 183-188.  
[5] Johnston B.M., Johnston P. R., Corney S. and Kilpatrick 
D.,2004,‟Non-Newtonian blood flow in human right 
coronary arteries: steady state simulations,‟ Journal of  
Biomechanics, Vol.37, No.5, pp.709-720. 
[6] Jonas L., Johan R. and Matts K.,2011, „Wall shear stress 
in a subject specific human aorta Influence of  fluid-
structure interaction‟, International Journal of  Applied 
Mechanics, Vol. 3, No. 4, pp.759-778. 
[7] Khan M., Vashisth S., Vijay R., Salhan K. A.,2015,‟ 
Computer based real time systems for analysing 
cardiovascular response to orthostatic stress‟, Journal of 
Institute of Biocybernetics and Biomedical Engineering, 
Published by Elsevier, Vol 35,pp-232-239. 
[8] Khan M., Vashisth S., Vijay R., Salhan K. A.,2012,‟ 
Online acquisition and wireless transmission of carotid 
pulse waveforms to analyse posture related changes,‟ Int. 
J. Biomedical Engineering and Technology, Vol. 10, No. 
3, pp.255- 265. 
[9] Nichols W.W., O Rourke M.F., 1990,‟Aging, high blood 
pressure and disease in humans,‟ In: Nichols  WW, 
O.‟Rourke MF, editors. McDonald‟s Blood Flow in 
Arteries, 3rd ed., London: Edward Arnold, pp. 398- 420. 
[10] Pim P. O., Wouter V. P., Sukit C. M., Alex J. B. ,2016,‟ 
Age-related changes in aortic 3D blood flow velocities 
and wall shear stress: Implications for the identification 
of altered hemodynamic in patients with aortic valve 
disease,‟Journal of Magnetic Resonance 
imaging,Vol.43,Issue5,pp.1239-1249. 
[11] Redheuil A., Yu W.C, Mousseaux E, Harouni 
A.A,Kachenoura N, Wu O.C, Bluemke D, Lima A.C.J, 
2011,‟Age-Related Changes in Aortic Arch Geometry,‟ 
Journal of the American College of Cardiology, Vol. 58, 
No.12,pp.1262–70.  
[12] Reneman R.S., Van M. T., Hick P., Hoeks A.P.G.,1985,‟ 
Flow velocity patterns in and distensibility of the carotid 
artery bulb in subjects of various ages,‟Circulation, 
Vol.71, pp.500–509. 
[13] Reneman R.S, Van M. T., Hick P., Muytjens  A.M.M., 
Hoeks A.P.G.,1986,‟ Age-related changes  in carotid 
artery wall properties in men,‟ Ultrasound Med Biol, 
Vol.12, pp.465–471. 
[14] Samijo S.K. , Willigers J.M. , Barkhuysen R. , Kitslaar 
P.J.E.H.M, Reneman R.S. , Brands P.J. , Hoeks 
A.P.G.,1998,‟  Wall shear stress in the human common 
carotid artery as function of age and gender,‟Cardio--
vascular Research, Vol 39, pp.515-522. 
 
IJCATM : www.ijcaonline.org 
